Background: There is no guideline recommendation for preventing hepatocellular carcinoma (HCC) recurrence after hepatic resection. Moreover, an unmet need exists on the effectiveness of sorafenib therapy in recurrent HCC. Purpose: We therefore assessed the efficacy and safety of sorafenib in Chinese HCC patients with high risk of recurrence. Patients and methods: Data were collected retrospectively from 15 Chinese research centers from January 1, 2012 to November 15, 2013, by chart reviews of patients with moderate-advanced HCC who received hepatic carcinectomy. The primary end point was recurrence-free survival rate at 1 year in patients with a high recurrence risk. Secondary end points included 1-year survival rate, time to recurrence and safety assessment. Results: A total of 209 high-risk patients (sorafenib, n=98; control, n=111) who underwent carcinectomy were analyzed. There was no significant difference in the proportion of patients with recurrence-free survival at 1 year between the sorafenib and control (70.43% vs 68.90%: χ 2 =0.007, P=0.934). One-year survival rate was significantly higher with sorafenib than observed with control (95.5% vs 83.35%; χ 2 =7.441, P=0.006). Time to recurrence between sorafenib and control groups was similar. Incidences of all the adverse events (AEs) were similar in both the groups and transaminase elevation was most common in both groups (20.37% vs 24.79%). Thrombocytopenia incidence was significantly lower with the sorafenib group than with control (1.85% vs 9.40%; P=0.015). Conclusion: Sorafenib may be considered as a feasible option in the treatment of HCC recurrence.
Introduction
Hepatic resection/carcinectomy is the preferred curative option among the multiple treatment modalities available for hepatocellular carcinoma (HCC).
1,2 However, HCC recurrence remains the main detrimental factor in patients receiving hepatic resection, with a frequency as high as 70%-100%. 3 In general, HCC recurs soon after or within 1 to 2 years after hepatic resection and liver transplantation and is associated with a dismal outcome and compromised long-term survival.
factor (VEGF) and platelet-derived growth factor (PDGF) signaling pathways, has demonstrated a significant prolongation in survival of patients with advanced-stage HCC. 3, 7 Being the only FDA-approved systemic chemotherapeutic agent, it is regarded as the gold standard in treating patients with advanced HCC. 8 Lenvatinib has reported a promising clinical outcome with a median survival time of 13.6 months vs 12.3 months in sorafenib. 9 Currently, the approval of lenvatinib as first-line therapy in unresectable hepatocellular carcinoma (HCC) is under FDA review. 10 Regorafenib is the other multikinase inhibitor approved for the second line of therapy in advanced HCC. Treatment with sorafenib alone or in combination with mammalian target of rapamycin (mTOR) inhibitors has shown promising results in HCC recurrence. [10] [11] [12] [13] [14] Available evidence from multiple studies showed that administration of sorafenib to patients with recurring HCC demonstrated better results compared with the control treatments. In a retrospective study by Saab et al 15 recurrence rates of 12.5% were reported in patients who received adjuvant sorafenib therapy compared with 50% reported by the control population. However, the study did not provide important evidence regarding sorafenib efficacy in reducing the incidence of HCC recurrence and increasing the disease-free survival and overall survival for high-risk liver transplant recipients, hence further studies were warranted. A pilot study concluded sorafenib adjuvant therapy to be effective in reducing the risk of post-operative HCC relapse. A significantly higher time to recurrence was observed in the sorafenib group than the control group (P = 0.006). In addition, median recurrence-free survival in the sorafenib arm was prolonged by 8 months compared with the control group (P=0.006), with a recurrence rate significantly lesser in the sorafenib group (P=0.032). 16 On the contrary, few studies have suggested limited effect of sorafenib treatment in HCC recurrence. 11, 17 A phase 3, double-blind, placebo-controlled study (STORM) of 1114 patients demonstrated no difference in median recurrence-free survival between the sorafenib group (33.3 months) and the placebo group (33.7 months; P=0.26) and concluded sorafenib adjuvant therapy to be ineffective in HCC following radical resection or ablation. 18 On the contrary, many studies also indicate that efficacy of sorafenib treatment in recurrent HCC has not been sufficiently robust to inspire clinical use because of the observational study designs and limited sample sizes. [19] [20] [21] Therefore, there is a lack of clarity on the effectiveness of sorafenib therapy in HCC recurrence. In addition, there is no universally accepted adjuvant therapy or consensus on the most apt treatment for preventing or treating HCC recurrence post hepatic resection. 21, 22 A recognized standard treatment for recurrence prevention in patients with a high recurrence risk after HCC excision remains to be elucidated. As a consequence, the prognosis for these patients is poor. 23 Considering the scarce, inconsistent data, it is important to further explore the effectual benefit of sorafenib in treatment of HCC patients with recurrence. 10 We therefore conducted this retrospective study to assess the efficacy and safety of sorafenib treatment in Chinese HCC patients with a high risk of recurrence.
Materials and methods

Study design and patients
We retrospectively reviewed data of patients with intermediate to advanced HCC who had received hepatic carcinectomy in 15 Chinese research centers from January 1, 2012 to November 15, 2013. Patients were eligible if they had histological confirmation of intermediate to advanced HCC (B-C stage of Barcelona Clinic Liver Cancer (BCLC) staging); received hepatocellular carcinectomy; A-B Child-Pugh classification and Eastern Cooperative Oncology Group Performance Status (ECOG) of 0-2 before the surgical procedure; and a high possibility of disease recurrence (defined as patients having higher number of tumors, vascular invasion, and higher pathological staging). Recurrence rate of HCC is high; ranging from 8% to 15% and in our study, patients were considered to have a high recurrence rate if they met the following criteria: HCC rupture or invasion into adjacent organs (confirmed by intra-operative or post-operative pathology), positive margin (confirmed by post-operative pathology), nodal metastasis (confirmed by intra-operative or postoperative pathology); residual lesion as confirmed by post-operative digital subtract angiography (DSA); macroscopic/microscopic vascular and/or biliary cancer embolus (confirmed by intra-operative or post-operative pathology); three or more tumor lesions distributed over two or more hepatic segments (confirmed by preoperative imagology [CT, MRI or ultrasonography], intra-operative ultrasonography or post-operative pathology); deranged α-fetoprotein AFP fails to return to normal range at 2 months after surgery (based on normal range in local laboratory). Sorafenib usage should either be ≤2 months post procedure and a treatment duration ≥3 months; or no use of sorafenib after the operation. Patients were excluded from the study if they had initiated sorafenib >2 months after the surgical procedure; had relapse within 2 months after the surgical procedure as evident from radiographic examinations; had undergone anticancer treatment (except antiviral therapy) before the surgical procedure; had undergone organ transplantation; had another malignant visceral tumor; or were found to be HIV positive. The study protocols conformed to the ethical guidelines of the Declaration of Helsinki and were approved by the institutional review board (IRB) of each research center. The study methods were conducted in accordance with approved national and international guidelines.
Study treatment
We hypothesized that sorafenib improves 1-year progressionfree survival rate by 30%. Considering this, as per the calculation of 95% study power and type I error of 0.05, patient data for a minimum of 200 cases were to be collected within 6 months (100 cases in the sorafenib group and 100 cases in the control group), which would yield at least 150 patients with high-recurrence risk who can be evaluated in the study. Patients using sorafenib within 2-months post procedure and treatment duration of ≥3 months were considered in the sorafenib group, whereas patients adopting treatment methods other than sorafenib such as hepatic transarterial chemoembolization (TACE) and systematic whole-body chemotherapy or immunotherapy (α-interferon) were considered in the control group. Sorafenib tosylate (400 mg) was orally administered twice daily with low-or medium-fat food. Dosage adjustment was done according to recommendation in the instructions. Treatment was continued until the appearance of unacceptable toxicity, both radiological and clinical disease progression, or death. Patients received prescriptions for loperamide and ureacontaining ointments to treat instances of severe diarrhea and to prevent and treat skin reactions, respectively.
Study outcomes
Clinical and pathological data were collected and reviewed from patient medical records, and the most recent values were used before treatment initiation. The primary end point was recurrence-free survival rate at 1 year in patients with a high recurrence risk. The secondary end point was 1-year survival rate and time to recurrence. Safety was assessed by analyzing adverse events (AEs), which were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events v4.0 (NCI-CTCAE v4.0). 38 Patients were observed from the time of carcinectomy until death, loss to follow-up, or end of the study.
Recurrence-free survival rate at 1 year was defined as the ratio of patients with no relapse within the duration from the date of carcinectomy until the date of completion of a year. One-year survival rate was defined as the ratio of patients who were still alive within the duration from the date of carcinectomy until the date of completion of 1 year. Time to recurrence refers to the time (number of days) from hepatocellular carcinectomy to the first recurrence of disease, including both intrahepatic and extrahepatic recurrence. As we evaluated the recurrence rate and recurrence free survival for 1-year after hepatic carcinectomy, our study includes only early recurrence type after the resection.
Statistical analysis
Descriptive statistical methods were used to analyze baseline characteristics of patients. Continuous variables are summarized as mean ± standard deviation (SD), median values, and ranges, whereas categorical variables are presented as absolute and relative frequencies. Baseline characteristics and postoperative staging and initial signs in the sorafenib and control groups using χ 2 test and Wilcoxon rank sum test. Survival, time to progression (TTP), and duration of sorafenib treatment were estimated using the Kaplan-Meier method and compared by the log-rank test for univariate analysis. Cox proportional hazards regression model was used to determine high recurrence risk factor and preoperative patient features and to evaluate the associations between HCC, post-operative pathological staging, and recurrence-free survival rate. Hazard ratios (HRs) and two-sided 95% confidence intervals (CIs) were derived from step-wise Cox proportional hazard regression model. Effect of all potential prognostic factors were determined using ANOVA. Wald inspection was used for determining the correlation. Adverse events were summarized according to the systematic organ classification after MedDRA coding and preferred terms. All P-values were twosided and were considered significant if <0.05. The statistical analysis of the collected data was performed using SAS (Statistical Analysis System) statistical software for Windows v. 9.1.3 (SAS Institute Inc., Cary, NC, USA).
Results
Patient demographics and clinical characteristics
A total of 209 patients with high recurrence risk who underwent HCC at 15 centers were analyzed. Of these patients, 98 were included in the sorafenib group and 111 were included in the control group. Case distributions at all the centers are presented in Table S1 . The baseline characteristics of patients are presented in Table S2 . Post-operative observations of the patients are detailed in Tables 2 and 3 . More than 80% of the patients initiated sorafenib therapy within 1-8 weeks after the operation.
Recurrence free survival at 1-year
All the 98 patients in the sorafenib group and 111 patients in the control group were included in survival analysis to determine the recurrence free survival rates and recurrence time.
During the 1-year follow-up, 28 and 34 cases of recurrence or death occurred in the sorafenib group and control groups, respectively. The recurrence free survival at 1-year was nonsignificantly higher with sorafenib treatment compared to the control group (sorafenib: 70.43%; control: 68.90%; χ 
One-year survival rate and time to recurrence
There were four cases of death in the sorafenib group and 18 cases in the control group. One-year survival rate was significantly higher in the sorafenib group compared to the control group (95.56% vs 83.35%; χ 2 =7.441, P=0.006, Figure 2 ). As per Cox regression analysis for survival, between-the-group difference was significant (HR, 0.279; 95% CI, 0.092-0.850; P=0.025; and BCLC staging difference was non-significant (HR, 0.640; 95% CI, 0.240-1.710; P=0.374). During the 1-year follow-up, the mean recurrence time in HCC patients after treatment with sorafenib and control was not significantly different (196 Table 5 presents the overall 1-year recurrence rate, 1-year recurrence after excluding patients with deaths and recurrence in BCLC stage B and C patients after treatment with sorafenib and control. Recurrence rates for all the evaluations were higher after sorafenib treatment; however, the difference was non-significant.
Safety events
Commonly observed AEs in both the groups are listed in Table 6 . A total of 104 AEs was observed in the sorafenib group and 116 in the control group. The incidence of all the AEs was similar in both the groups except for thrombocytopenia, which was significantly lesser in the sorafenib group (1.85%) than the control group (9.40%; P=0.015). In addition, transaminase elevation had the highest frequency in both the groups (20.37% vs 24.79%; P=0.429). There were three events of hand-foot skin reaction in the sorafenib group, whereas no such reaction was observed in the control group.
Discussion
Although an optimal treatment strategy, hepatocellular carcinectomy and resection has a major drawback of relapse/recurrence in majority of the cases. Effective results obtained with sorafenib in the treatment of HCC have led to exploration of the drug's application in recurrence. 10, 11 In addition, recommendation on the posttransplant use of sorafenib therapy in HCC recurrence remains to be elucidated. HCC recurrence either after resection or transplantation portrays poor prognosis of patients. 24 This large, multicenter, retrospective analysis evaluated the effect of sorafenib in 209 patients with a high risk of recurrence post-hepatic carcinectomy. Sorafenib has shown efficacy in treating recurrent HCC after liver transplantation (LT) and hepatic resection alone as adjuvant therapy and by demonstrating a synergistic effect in combination with sirolimus. 10, 11, 25 Nonetheless, the response rate and time to tumor progression in patients treated with sorafenib for recurrent HCC after transplantation were found to be comparable to HCC patients without transplantation. months, respectively; P=0.006), with a lesser recurrence rate in the sorafenib group than the control group (29.4% vs 70.7%; P=0.032). Adjuvant use of sorafenib was found to be safe and decreased the risk of HCC recurrence in high-risk LT recipients, with a disease-free survival rate of 100% in the sorafenib group. 27 Similar beneficial effects of sorafenib in HCC recurrence post liver resection and transplantation have been reported in the literature. 10, 11, 20, 28, 29 Of note, the International Consensus Conference for HCC recommends that HCC recurrence post liver transplantation may be treated with surgery for resectable lesions or with sorafenib for unresectable lesions. 30 In a retrospective analysis, Kim et al 31 concluded that sorafenib had better survival benefit than other treatments in patients with extrahepatic spread and massive/infiltrative intrahepatic tumors. These outcomes indicate that sorafenib might be an important therapeutic modality in treating patients with extrahepatic recurrence. Furthermore, in a case-control study by Sposito et al, 32 sorafenib demonstrated significantly better results than best medical care regimens in patients with HCC recurrence (median patient survival from recurrence: 21.3 months vs 11.8 months, HR =5.2, P=0.0009). Moreover, multivariate analysis revealed sorafenib treatment to be the only factor associated with survival (HR, 4.0, P=0.0325) with no serious AEs.
In the present study, we found that recurrence-free survival rate at 1 year was not significantly different between the two groups (P=0.934). A similar study by Saab et al 15 demonstrated
significant increase compared to control in relatively smaller sample size. This difference, may be due to the high patient heterogeneity in terms of disease severity and progression. Similarly, time to relapse was non-significant between the two groups (P=0.701). However, 1-year survival rate was angiogenesis by acting on multiple pathways; [34] [35] [36] however, tumor cell killing (autophagy) with sorafenib is speculated to be through the stress induced by sorafenib involvement in autophagy of the HCC cells. 37 Therefore, our findings of significantly higher 1-year survival rate and non-significantly higher recurrence free survival at 1-year might be associated with the mechanisms of action, respectively. Although better patient compliance and fewer AEs are associated with a smaller dose of sorafenib in patients with liver transplantation and liver resection having a high recurrence risk, we found that 400 mg of sorafenib twice daily did not lead to significant toxicity. 15, 38 Moreover, the incidence of thrombocytopenia was significantly lower in the sorafenib group than the control group (P=0.015). Incidences of all other AEs were similar in both the groups. Though the patients treated with sorafenib had a significantly higher overall survival, there was no significant evidence that showed sorafenib can prevent recurrence. Even though xenograft model animal studies have reported that sorafenib can effectively suppress postsurgical HCC recurrence and metastasis, 39 there are no such convincing evidences in human trials. The current study has several limitations and, hence, the inferences should be drawn with caution. The retrospective nature of the study and non-randomization of the included patients and small sample size, is similar to previously reported studies and the findings may not be sufficient to inspire clinical use, however, this study proves efficacy and safety of sorafenib in Chinese patients with recurrent post hepatic carcinectomy and we tried to exclude the screening bias by including the control group patients who received carcinectomy within 6-months prior to the time when carcinectomy was initiated in the sorafenib group patients. Hence, future large-sized, randomized controlled studies are warranted to validate the findings and prove generalizability and clinical use of sorafenib. Overall, we advocate that treatment of recurrent HCC requires a multidisciplinary approach involving hepatologists, surgeons, radiologists, oncologists, and radiation oncologists. Improvement in treatment objectives and modification of the current recommendation will certainly benefit patients with a high recurrence risk.
In conclusion, Sorafenib significantly improved the 1-year survival rate in Chinese HCC patients with high risk of recurrence, though it did not increase the 1-year recurrence-free survival rate and time to recurrence. With a satisfactory safety and efficacy profile, it may be considered a feasible treatment option for recurrent HCC. However, further large, randomized controlled trials are needed to confirm the outcomes. 
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